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ABSTRACT

Background/Aims: Direct-acting antivirals
(DAAs) are highly effective in treating hepatitis
C virus (HCV) infection. The long-term hepatic
and extrahepatic outcomes of DAAs in chronic
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hepatitis C (CHC) patients receiving curative
antivirals are elusive.

Methods: CHC patients were retrieved from
two phase III sofosbuvir-based clinical trials con-
ducted from 2013-2014. Patients who achieved
a sustained virological response have been fol-
lowed prospectively for 5 years since 2016. A
propensity score-matched interferon-based
historical control with a 1:3 ratio was used for
comparison. Quality of life (QoL) was measured
by the SF-36, liver fibrosis was measured by
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electrography, and fibrosis-related markers were
followed annually in the prospective cohort.

Results: A total of 160 DAA- and 480 inter-
feron-treated patients were enrolled. Twenty-
eight patients developed hepatocellular carci-
noma (HCC) over a follow-up period of 4424
person-years (annual incidence: 0.6%). The
incidence of HCC did not differ significantly
between the DAA cohort and interferon-treated
patients (P=0.07). Cox regression analysis
revealed that FIB-4 was the only factor inde-
pendently associated with HCC development
(hazard ratio [HR]: 95% confidence interval
[CI] 3.59/1.68-7.66, P=0.001). The incidence of
newly developed cardio-cerebrovascular disease
was 13.8 per 1000 person-years and 0.9 per 1000
person-years in interferon-treated patients and
the DAA cohort, respectively (P<0.001). Inter-
teron-based patients had a significantly greater
incidence of cardio-cerebrovascular disease (HR/
CI 3.39/1.28-8.96, P=0.014). There was a sub-
stantial decrease in liver stiffness (Pepq=0.08)
and M2BPGi (Pyeng=0.05) and a significant
reduction in LOXL2 (Py,q=0.02) over 5 years.
A significant decrease in QoL was observed in
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role limitations due to physical health and emo-
tional problems, whereas the other parameters
were maintained consistently throughout the
5 years of follow-up.

Conclusions: HCV eradication by DAAs
improved liver- and non-liver-related outcomes,
constantly promoted liver fibrosis regression,
and maintained quality of life after HCV cure.

Clinical Trial Number: NCT03042520.
Keywords: DAA; HCV; SVR; Long-term
outcome
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Why carry out this study?

Direct-acting antivirals (DAAs) are highly
effective in treating hepatitis C virus (HCV)
infection.

The long-term hepatic and extrahepatic out-
comes of DAAs in chronic hepatitis C (CHC)
patients receiving DAAs are lacking using a
prospective design.

What was the hypothesis of the study?

The long-term liver and non-liver related
outcomes are favorable in CHC patients with
curative DAAs.

What was learned from the study?

HCV eradication by DAAs improves liver-
related outcomes, decreased diabetes and
cardiocerebral vascular incidences.

HCV eradication constantly promotes liver
fibrosis regression.

CHC patients with curative DAAs maintain
their long-term quality of life up to S years.

INTRODUCTION

An estimated 50 million people are infected by
hepatitis C virus (HCV) globally, and chronic
hepatitis C (CHC)-related liver and non-liver
consequences remain a major disease burden
for humans. The World Hepatitis Organization
has set up interim guidance for HCV control [1].
With the ambitious goal of HCV elimination by
2030, most countries are forecasted as not on
track to achieve global elimination targets [2].
Successtul HCV eradication significantly pro-
motes liver fibrosis regression and reduces the
risk of liver-related events and extrahepatic out-
comes [3-9]. The development of highly effec-
tive direct-acting antiviral agents (DAAs) has
greatly facilitated the treatment of HCV infec-
tion. Compared with interferon-based regi-
mens, DAAs have an equal benefit in reducing
the risk of hepatocellular carcinoma (HCC) [10,

11]. Notably, reports of the long-term benefits
of sustained virological response (SVR) were
largely retrieved from retrospective cohorts, in
which selection bias may exist and heterogene-
ous patient characteristics from real-world data
may confound the outcome of measurements.
To overcome this pitfall, in this study, we strictly
followed a DAA-treated cohort prospectively
from two phase III clinical trials for 5 years. We
aimed to address liver-related outcomes in terms
of HCC development, liver-related events and
potential fibrosis regression, as well as extrahe-
patic outcomes, including the occurrence of dia-
betes, cardio-cerebrovascular disease, and long-
term changes in quality of life.

METHODS

Patients

CHC patients were retrieved from two phase
IIIb clinical trials (ledipasvir/sofosbuvir for
HCV genotype 1 (HCV-1) [GS-US-337-0131] and
sofosbuvir +ribavirin for HCV genotype 2 [GS-
US-334-0115]) [12-15], which were conducted
at 24 sites in Taiwan [12, 13] and Korea [14,
15] from December 2013 to November 2014.
The participants were prospectively followed
semiannually from October 2016 until Novem-
ber 2023. Patients were excluded if they had a
history of liver decompensation, hepatocellu-
lar carcinoma (HCC), or hepatitis B virus dual
infection, if they failed to achieve an SVR, or if
the outcome of interest occurred before treat-
ment or within 1 year after the end of antivi-
ral therapy. An interferon-based historical con-
trolled cohort, T-COACH (Study on Taiwanese
Chronic Hepatitis C Cohort; from January 2003
to December 2014) [4], was included to com-
pare liver- and non-liver-related outcomes.
They were propensity score-matched for age,
sex, liver fibrosis, and follow-up period at a 1:3
ratio. The clinical events were recorded with a
designated case report form in the DAA cohort
and were reviewed from the medical chart in
the interferon-based control group. The study
was approved by the institutional review board
of Kaohsiung Medical University Hospital
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(KMUHIRB-F(I)-20160082), which conforms to
the guidelines of the International Conference
on Harmonization for Good Clinical Practice
and was performed in accordance with the Hel-
sinki Declaration of 1964 and its later amend-
ments. All patients provided written informed
consent.

The primary objective was to compare the
incidence of HCC and liver-related outcomes
(LROs) between interferon-treated and DAA-
treated cohorts. The secondary objective was to
compare the extrahepatic outcomes, including
newly developed diabetes and cardio-cerebro-
vascular disease, between groups as well as the
long-term changes in liver fibrosis and quality
of life (QoL) in the DAA-treated cohort. LROs
included hepatic encephalopathy, esophageal/
gastric variceal bleeding or newly developed
ascites, jaundice, or liver dysfunction-related
coagulopathy. Cardio-cerebrovascular diseases
included ischemic or hemorrhagic stroke, angina
pectoris, and myocardial infarction.

Laboratory Analysis

Baseline patient characteristics in the DAA-
treated cohort were retrieved from parent studies
[12-15]. Liver fibrosis was prospectively meas-
ured by transient elastography (FibroScan®;
Echosens, Paris, France), serum Mac-2 binding
protein glycosylation isomer (M2BPGi), and
lysyl oxidase-like-2 (LOXL2) annually for up
to 5 years. M2BPGi was quantified via a lectin-
antibody sandwich immunoassay with a fully
automatic HISCL-5000 immune analyzer (Sys-
mex Co., Hyogo, Japan) [16]. LOXL2 levels were
measured using an enzyme-linked immunosorb-
ent assay (ELISA) kit (Cloud-Clone Corp., TX).
SVR was defined as undetectable HCV RNA (<12
IU/ml or<25 IU/ml depending on individual
laboratory testing) throughout 12 weeks post-
DAA and 24 weeks post-interferon-based treat-
ment. Liver cirrhosis was defined as transient
elastography>12 kPa [17] or clinical evidence
of cirrhotic portal hypertension. Newly devel-
oped HCC was confirmed by pathology or clini-
cal judgment based on the regional guidelines
[18]. LRO included HCC, liver decompensation,
variceal bleeding, and hepatic encephalopathy.

Quality of life (QoL) was evaluated annually
using the Short Form Health Survey (SF-36)
questionnaire [19].

Statistical Analyses

Frequencies were compared between groups
using the x? test with Yates’ correction or Fish-
er’s exact test. The group means (presented
as the mean +standard deviations) were com-
pared using analysis of variance and Student’s
t-test or the nonparametric Mann-Whitney test
when appropriate. The fibrosis index 4 (FIB-
4) was calculated using the following formula:
age (years) x aspartate aminotransferase (AST
in U/1)/(platelets in 10°/1) x (alanine transami-
nase [ALT in U/1])/2. A Cochran-Armitage test
was performed to compare the trends in the
changes in QoL and liver fibrosis-related mark-
ers over time. A Kaplan-Meier analysis and
log-rank test were performed to compare the
cumulative incidence of liver and non-liver-
related outcomes between groups. Cox regres-
sion analysis was applied to analyze the factors
independently associated with the outcome
of interest by analyzing the covariates with
P values<0.1 in the univariate analysis. The
statistical analyses were performed using the
SPSS 12.0 statistical package (SPSS, Chicago, IL,
USA). All the statistical analyses were based on
two-sided hypothesis tests with a significance
level of P<0.0S.

RESULTS

Patients

A total of 200 DAA-treated patients from the
parent studies were initially included. Eighty-
eight (44%) HCV-1 patients received ledipas-
vir/sofosbuvir, and 112 (56%) HCV-2 patients
received sofosbuvir + ribavirin. One hundred
sixty DAA-treated patients with long-term
outcomes available and 480 interferon-based
controls were included for comparison (Supple-
mentary Fig. 1). In the DAA cohort, the mean
age was 55.7 years, and males accounted for
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Table 1 Patient characteristics before antiviral therapy
Variables Interferon-based cohort DAA cohort (z=160) Pvalue
(n=480)
Age, years 55.749.0 55.7 £ 8.4 0.97
Male gender 191 (39.8) 61(38.1) 0.71
BMI, kg/m* 25.0+3.6 245432 0.12
Diabetes 87/479 (18.2) 22/160 (13.8) 0.20
Hypertension 141/480 (29.4) 40/160 (25.0) 0.29
Dyslipidemia 76/480 (15.8) 22/160 (13.8) 0.53
HCV genotype 1 183 (38.9) 68 (42.5) 0.43
HCV RNA, log' TU/ml 5.5+1.0 64+0.8 <0.01
>2,000,000 TU/ml 118 (24.6) 101 (63.1) <0.01
AST ratio, ULN 19413 14+1.0 <0.01
ALT ratio, ULN 28423 20+1.8 <0.01
Platelet count, x 10°/pl 185.8 £50.9 187.3£63.5 0.79
FIB-4 25+1.8 2.5+2.1 0.86
>3.25 78 (16.3) 30 (18.8) 0.46
Creatinine, mg/dl 0.9+0.9 0.8+0.2 <0.01
¢GFR, ml/min/1.73 m* 96.6+29.8 100.1+19.0 0.09
<60 35(7.3) 2(1.3) <0.01
Fasting sugar, mg/dl 103.5+33.3 104.7 £35.9 0.74
Follow-up duration, years 74436 73+14 0.52

Variables are expressed as mean * standard deviation or sample size and proportion (%)

DAA directly acting antivirals, BMI body mass index, AST aspartate aminotransferase, /L7 alanine aminotransferase, »-GT'

r-glutamyl transferase, ULN upper limit normal, FIB-4 fibrosis-4 index, ¢GFR estimated glomerular filtration rate

38.1% (n=61) of the population. The mean
FIB-4 score was 2.5+ 2.1 before antiviral ther-
apy. Compared with the DAA cohort, a smaller
proportion of interferon-based patients had
HCV-2, a lower HCV RNA level, and higher
levels of liver enzymes and serum creatinine
(Table 1).

Liver-Related Outcomes

Twenty-eight patients developed HCC over a
follow-up period of 4424 person-years (annual

incidence: 0.6%). The 1-, 3-, and 5-year cumula-
tive incidence rates of HCC were 0%, 1.2%, and
2.3%, respectively, in interferon-treated patients
compared with 0%, 0%, and 0.7%, respectively,
in the DAA cohort (log-rank P=0.07). Com-
pared with patients without HCC development,
patients with HCC were older and had lower
platelet counts and higher AST and FIB-4 levels.
Cox regression analysis revealed that FIB-4 was
the only factor independently associated with
HCC development (hazard ratio [HR]: 95% con-
fidence interval [CI] 3.59/1.68-7.66, P=0.001)
(Table 2).
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Table 2 Factors associated with HCC development

Variables HCC (+) HCC (-) Pvalue  Cox-regression analysis
(n=28, 4.6%) (n=581,95.4%) HR (95% CD) Pvaluc

Age, years 58.6+74 55.3+8.9 0.03

Male gender 15 (53.6) 219 (37.7) 0.09

BMI, kg/m* 257 £4.2 24.8+3.5 0.30

Diabetes 7(25.0) 92 (15.9) 0.20

Hypertension 12 (42.9) 151 (26.0) 0.05

Dyslipidemia 7 (25.0) 86 (14.8) 0.14

HCV genotype 1 11 (42.3) 226 (39.9) 0.76

HCV RNA, 22,000,000 IU/ml 6 (21.4) 206 (35.5) 0.13

AST ratio,> ULN 23412 17412 0.03

ALT ratio,> ULN 27415 26422 0.59

r-GT ratio, > ULN 12412 0.7+0.7 0.11

Platelet count, x 10>/pl 162.4+50.4 188.6+54.4 0.01

FIB-4,>3.25 11(39.3) 86 (14.8) <001  3.59(1.68-7.66) 0.001
Creatinine, mg/dl 0.9+0.4 0.9+0.8 0.65

DAA/interferon-based regimen 3 (10.7)/25 (89.3) 156 (26.9)/425 (73.2) 0.08

Variables are expressed as mean + standard deviation or sample size and proportion (%)

Age, AST, ALT, and platelets were not put into multivariate analysis because of strong collinearity with FIB-4

HCC hepatocellular carcinoma, HR hazard ratio, CI confidence interval, BMI body mass index, AST aspartate aminotrans-

ferase, ALT alanine aminotransferase, »-GT r-glutamyl transferase, ULN upper limit normal, FIB-4 fibrosis-4 index, DAA

directly acting antivirals

In addition to those with HCC, four patients
(2 with liver decompensation, 1 with esophageal
variceal bleeding, and 1 with hepatic encepha-
lopathy) in the interferon-treated group but
none in the DAA cohort experienced LROs
after achieving an SVR. In total, the 1-, 3-, and
S-year cumulative incidence rates of LROs were
0%, 1.4%, and 2.9%, respectively, in interferon-
treated patients compared with 0%, 0%, and
0.7%, respectively, in the DAA cohort (log-rank
P=0.04). Patients with LROs were older and
were more likely to be male, have hyperten-
sion, receive interferon-based therapy, have
lower platelet counts, and have higher AST and
FIB-4 levels. Cox regression analysis revealed
that the factor most strongly associated with

LRO development was FIB-4 (HR: 4.77, CI
2.36-9.64, P<0.001), followed by male sex (HR/
CI 3.65/1.76-7.55, P=0.001) and hypertension
(HR: 2.40, CI 1.17-4.90, P=0.02) (Table 3). Nei-
ther the HCC nor the LRO differed significantly
between the DAA cohort and the interferon-
treated patients. The pre-DAA FIB-4 scores of the
3 HCC patients were 1.1, 3.6, and 4.3, respec-
tively. The evolution of liver fibrosis among the
three HCC patients and their counterparts in the
DAA cohort is shown in Supplementary Fig. 2.
There was an increasing trend in liver stiffness in
HCC patients, whereas there was no significant
difference in the values of noninvasive sero-
markers between the groups.
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Table 3 Factors associated with liver-related outcomes (LRO)

Variables LRO (+) LRO (-) Pvalue  Cox regression analysis
(n=32,5.3%) (n="574,94.7%) HR (95% CI) Pvalue

Age, years 59.1+7.2 55.2+8.9 0.01

Male gender 19 (59.4) 214 (37.3) 0.01  3.65(1.76-7.55) 0.001

BMI, kg/m* 257 £4.0 24.8+34 0.25

Diabetes 9(28.1) 89 (15.5) 0.06

Hypertension 14 (43.8) 149 (26.0) 0.03  2.40 (1.17-4.90) 0.02

Dyslipidemia 8 (25.0) 84 (14.6) 0.11

HCV genotype 1 17 (56.7) 346 (60.9) 0.64

HCV RNA, 2,000,000 IU/ml 7 (21.9) 205 (35.7) 0.11

AST ratio, > ULN 25+15 17412 0.01

ALT ratio, > ULN 29416 26422 0.33

r-GT ratio, > ULN 12412 0.7+0.7 0.05

Platelet count, x 10>/pl 156.3+51.7 189.0+54.2 <0.01

FIB-4,>3.25 14 (43.8) 83 (14.5) <001 477(2.36-9.64)  <0.001

Creatinine, mg/dl 0.9+0.4 0.9+0.8 0.72

DAA/ interferon-based regimen 3 (9.4)/29 (90.6) 156 (27.2)/418 (72.8) 0.03  3.04(0.88-10.54) 0.08

Variables are expressed as mean + standard deviation or sample size and proportion (%)

Age, AST, ALT, and platelets were not put into multivariate analysis because of strong collinearity with FIB-4

LRO liver-related outcome, HR hazard ratio, CI confidence interval, BMI body mass index, AST aspartate aminotransferase,

ALT alanine aminotransferase, 7-G7 r-glutamyl transferase, ULN upper limit normal, FIB-4 fibrosis-4 index, ULN upper

limit normal, DAA directly acting antivirals

Non-liver-Related Outcomes

Characteristics of patients without underly-
ing diabetes and cardio-cerebrovascular disease
before antiviral therapy are shown in Supple-
mentary Table 1 and Supplementary Table 2.
The incidence of newly developed diabetes was
17.2 per 1000 person-years and 4.8 per 1000 per-
son-years in interferon-treated patients and the
DAA cohort, respectively (log-rank P<0.001).
Cox regression analysis revealed that inter-
teron-based patients had a significantly greater
incidence of diabetes (HR/CI 3.39/1.28-8.96,
P=0.014) (Fig. 1A). The incidence of newly
developed cardio-cerebrovascular disease was
13.8 per 1000 person-years and 0.9 per 1000

person-years in interferon-treated patients and
the DAA cohort, respectively (log-rank P<0.001).
Cox regression analysis revealed that interferon-
based patients had a significantly greater inci-
dence of cardio-cerebrovascular disease (HR/CI
12.6/1.70-93.18, P=0.013) (Fig. 1B).

Long-Term Changes in Liver Fibrosis and
QoL in the DAA Cohort

As shown in Table 4, the FIB-4 score did not
change drastically during the follow-up period.
In contrast, there was a substantial decrease in
liver stiffness (P enqg=0.08) and M2BPGi lev-
els (Pieng=0.05) and a significant reduction
in LOXL2 levels (Pyeng=0.02) over 5 years.

A\ Adis



Infect Dis Ther (2025) 14:1089-1101

1096

ONEI PIEZEY Y7 ‘S[eIIANIUE SUNDE-10211p /(T ‘S1usned paseq-uoIdjIsaur A7y “H-g[] pue ‘s1unod
19p01e[d ‘oseurwrEsUEN dUTUE[E ‘Oseldjsueniourwe aelredse speof [exia ADQH 9df1ousd A ‘erwoprdisdp ‘vorsumiadAy ‘saroqerp xopur ssew £poq ‘xas @8e 10§
pausnlpy,, ‘sausned paiesn-uoIdJINUI puE -y (] U119 ISEISIP JE[NISEAOIIIND-0IPILd padoaAdp A[4dU JO JSLT PUE dUIPIOU] { "OLIET pIezey yFf S[elAnue Sunde
-10011p R (7 ‘saudnred paseq-uoIajInut A7 “H-g[] Pue ‘Saunod 19[a1e[d ‘Oseuriuesuen SUruEle 9serajsueriourwe aeiredse ‘speof [ena ADH 9dfiousd A “erwop
-1dijs&p ‘uorsuai1adAy “xopur ssewr Apoq xas ‘98e 10J passnlpy, ‘sausnred Pa1edII-UOIDJINUI PUE -y (] UI $919qEIp pado]aadp Amou Jo ISLI pue duapdul v T iy

(

( (ze) | (e2) | (00) | 00) (%)
2:0) | (o) | (00) | 00 % T T vva
. . (o) | (z0) | (00) ) (%) wva -
st e 90T | OZT | 8€T | 8ET | 86T | "ON
vZT | 9€T | LST | £ST | LST | °"©N (
€10°0=d £00°0=d (r6) | (s9) | (92) | (070) (%) ¥70°0=d mﬂo.@ua (zt1)| (2/8) | (£v) | 070) (%) Nl
(sT°€6 (ovtT ssu3e N4l (96'8-82°T) 6€°€ : mNﬂ.wm MN. < NETEY
-0L'T) 09°TT S1T) oSt voz | vie | T8¢ | vSY | vO¥ | "oN STz | €9z | €ze | 98¢ | e68 | "oN
anjen d anjead AL AS A€ AT anjend anjend AL AS A€ AT
(19 %56) ¥H (19 %56) ¥H 18 dnoug (1> %56) ¥H (1> %56) ¥H 19 dnoug
Pa3snipy, . apni) (%) @duapiou| aaizejnWNY paisnipy, apnJy (%) @2uapiou| aaze|nWNY
sieak dn-mojjo4 sieak dn-mojjo4
8 9 14 4 0 8 9 14 4 0
L L L L n L L 1 '}
—1= 0 7 L= 0
et oL © T -0k 2
3 - 3
£ c
T00°0>d juelt-807 8 8
02 = 800°0=d juei-807 -0z =
o o
2 2
-0¢ o -0 o
o o
SNdl - 3 SNl --- 3
@ o
sywa — Fov R sywa — oy R
05 -0S
9seasIp Je|ndSen0.1qalad-olpie) (a) sajoqelq (v)

A\ Adis



Infect Dis Ther (2025) 14:1089-1101 1097
Table 4 Annual change of liver fibrosis measured by elastography and seromarkers in DA A-treated cohort

Baseline Year 1 Year 2 Year 3 Year 4 Year 5 P,.d
Liver stiffness, kPa ~ 6.04+4.81  624+396  597+348 598+347 5.67+293 551+250  0.08
FIB-4 1.86+0.92 1.86+0.98 1.80£0.81 1.79+0.93 1.80+£0.84 1.76+0.73 0.25
LOXL2, ng/ml 0.73+2.12 1.29+3.63 0.90£2.71 0.60+1.96 0.58£3.10 0.35+1.06 0.02
M2BPGi, COI 0.77 £0.47 0.76+0.45 0.75+0.42 0.75+0.48 0.66+0.46 0.71+0.51 0.05

DAA directly acting antivirals, FIB-4 fibrosis-4 index, LOXL2 lysyl oxidase-like-2, M2BPGi Mac-2 binding protein glyco-

sylation isomer

Table 5 Long-term change of quality of life in DAA-treated cohort

Baseline Year 1 Year 2 Year 3 Year 4 Year S P end
PCS Physical health 78.0+15.8 76.8+153 7654149 764+157 7574168 7594165 0.17
PF  Physical functioning 87.9+14.3 86.9+14.5 86.6+142 87.1+164 853+17.6 86.4+164 023
RP Role limitations 82.6+20.2 813+19.7 79.1+204 79.7+20.1 788+21.2 77.8+21.2 0.02
because of physical
health
BP  Bodily pain 84.4+19.3 84.0+18.0 83.4+178 83.4+195 823+184 81.8+18.8 0.14
GH  General health 653+194 640+189 627+187 6194192 63.0+19.7 639+19.8 0.33
MCS  Mental health 72.6+169 713+163 702+164 694+189 692+17.6 69.0+18.2 0.02
RE Role limitations 83.8+20.7 8344189 80.7+195 80.6+20.3 802+21.8 783+21.9 0.01
because of emo-
tional problem
VT Energy/vitality 67.8+18.2 655+18.6 66.6+17.5 66.0+187 6584187 649+20.0 0.22
MH Mental health 742+165 729+165 71.1+17.0 71.6+17.6 714+17.6 726+17.1 021
SF Social functioning 88.3+153 86.4+15.8 863+155 86.0+162 850+17.0 852+169 0.05
DAA directly acting antivirals
Regarding quality of life, a significant decrease DISCUSSION

in the SF-36 score was observed for role limi-
tations due to physical health and emotional
problems, whereas the other parameters related
to physical and mental health were consist-
ently maintained throughout the 5 years of
follow-up (Table 5).

In the present study, we prospectively fol-
lowed a DAA-treated cohort and compared it
with a historically interferon-based control. We
demonstrated that there was an equal risk of
HCC and liver-related outcomes between the
two groups after HCV eradication. A favorable
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extrahepatic outcome, including the occur-
rence of diabetes and cardio-cerebrovascular
disease, was noted, and liver fibrosis regression
and quality of life maintenance continued after
HCV was cured by DAAs.

HCV eradication via antiviral therapy greatly
reduces the risk of HCC and liver-related events
[6-8, 20]. In the early era of DAAs, a misunder-
standing about increased post-SVR HCC risk
existed, in part because of differences in patient
characteristics and study designs. Compared
with patients treated in the interferon era, DAA-
treated patients are generally older, have more
advanced liver fibrosis and comorbidities, and
have shorter post-SVR follow-up periods. Addi-
tional studies have demonstrated the existence
of equal benefits in reducing the risk of HCC
in interferon- and DAA-treated patients after
adjusting for potential confounders [10, 11].
Notably, most studies were retrospective, and a
prospective study to address this issue is elusive.
The present longitudinal follow-up study was in
line with previous observations and confirmed
that the risks of HCC and liver-related outcomes
were similar between DAA- and interferon-
treated patients after HCV cure.

Advanced liver fibrosis is the critical determi-
nant of HCC in this HCV cohort as with other
etiologies of liver disease [21, 22]. Liver biopsy
is the gold standard for evaluating liver fibrosis.
However, it is limited by the invasiveness, sam-
pling and interpretation variability, and the una-
vailability of repeat judgments. Liver stiffness
measurement by imaging modalities and serum-
based fibrosis markers has been reasonably and
widely adopted to replace histology in the clini-
cal setting. Nevertheless, noninvasive scores and
liver stiffness measurements by transient elastog-
raphy methods are not accurate in the diagno-
sis of fibrosis regression after HCV eradication,
and the cutoff values of different fibrotic stages
in the post-SVR status remain unclear [23]. The
development of new noninvasive serum markers
to represent liver fibrosis is important. As col-
lagen type I increases during hepatic fibrogen-
esis, LOXL2 may modulate type 1 collagen, in
turn leading to an elevation in its serum level
in patients with liver fibrosis [24]. On the other
hand, fibrosis leads to specific modifications of
the glycosylation and sugar chain structure of

M2BP. As a result, a high M2BPGi level serves as
an indicator of liver disease severity and a pre-
dictor of liver-related outcomes. Assuming that
histological fibrosis continues to resolve in the
current DAA cohort, we observed that the FIB-4
value did not decrease consistently and may not
be suitable for serving as a surrogate for liver
fibrosis in the post-SVR cohort. Moreover, the
serum level of LOXL2 may outperform M2BP,
which was consistently reduced at up to S years
of follow-up. M2BPGi levels are a predictor for
HCC with different etiologies [25-27]. Further
studies are needed to explore the association of
serum LOXL2 levels with HCC risk.

Post-SVR surveillance of HCC in terms of the
target population and screening strategies is a
critical issue. All international societies agree to
follow cirrhosis patients indefinitely, but dis-
crepancies exist in noncirrhotic patients across
regional guidelines [10]. The three HCC patients
in the DAA cohort were noncirrhotic at base-
line but had progressively elevated liver stiffness.
These findings echo the recent statement of the
European Association for the Study of the Liver
(EASL) that subjects with borderline advanced
liver fibrosis should be considered for the exist-
ence of metabolic dysfunction-associated stea-
totic liver disease or alcoholic liver disease, and
liver fibrosis should be followed by noninvasive
testing (NIT) after achieving SVR [28]. Notably,
even if clinicians have identified high-risk tar-
gets to be followed, host genetic predispositions
and alternations, healthcare system provider
barriers, and patient adherence are some of the
the hurdles encountered and remain unmet
needs for post-CVR HCC surveillance [10, 29].

HCV eradication improves glycemic control
[30] and reduces diabetes-related complications
[31]. During the prospective follow-up period,
we noticed a minimal incidence of new diabetes
and cardio-cerebrovascular disease. The finding
regarding a more favorable extrahepatic out-
come in the DAA cohort should be considered
with caveats. Even though we adjusted age, sex,
BM]I, hypertension, DM, and dyslipidemia while
exploring the cardio-cerebrovascular disease,
selection bias between groups may still exist.
On the other hand, neuropsychiatric distur-
bance is one of the extrahepatic presentations
of CHC. HCV eradication improves quality of
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life [19]. Nevertheless, all the patient-reported
outcomes were restricted to short-term reports
after HCV eradication [9], and long-term obser-
vations of QoL are lacking. While the subjects
were fighting against the mental and physical
aging process, we observed that most items on
the SF-36 were maintained up to 5 years after
HCV cure. This is by far the longest follow-up
study to evaluate the long-term presentation of
QoL after HCV eradication.

The current study was limited by the small
sample size. It is impracticable to enroll prospec-
tive interferon-treated controls, and the histori-
cal control may have unmeasured confounders.
Unadjusted confounders such as smoking, lipid
profiles, hypertension management, and glyce-
mic control may constrain the comparison of
the cardio-cerebrovascular risk between groups.
The registry study was designed to strictly and
prospectively follow DAA-treated patients after
they completed phase III studies in Taiwan
and Korea. The results reflected the incidences
of hepatic and extrahepatic events after HCV
cure. In conclusion, HCV eradication by DAAs
improved liver- and non-liver-related outcomes,
promoted liver fibrosis regression, and main-
tained quality of life after HCV cure.
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